Oblique, terrestrial imagery from a single, fixed-position camera was used to estimate linear extrusion rates during sustained exogenous growth of the Mount St. Helens lava dome from November 2004 through December 2005. During that 14-month period, extrusion rates declined logarithmically from about 8-10 m/d to about 2 m/d. The overall ebbing of effusive output was punctuated, however, by episodes of fluctuating extrusion rates that varied on scales of days to weeks. The overall decline of effusive output and finer scale rate fluctuations correlated approximately with trends in seismicity and deformation. Those correlations portray an extrusion that underwent episodic, broad-scale stick-slip behavior superposed on the finer scale, smaller magnitude stick-slip behavior that has been hypothesized by other researchers to correlate with repetitive, nearly periodic shallow earthquakes.
Introduction
Aerial and terrestrial photography are effective ways of monitoring morphological changes that occur during volcanic eruptions (see, for example, Zlotnicki and others, 1990; Yamashina and others, 1999; others, 2000, 2005; Honda and Nagai, 2002; Herd and others, 2005; Thompson and Schilling, 2007; Poland and others, this volume, chap. 11; Schilling and others, this volume, chap. 8) . Some camera deployments and photography campaigns are aimed chiefly at monitoring volcanic activity qualitatively, whereas others endeavor to gather photographs sufficient to make quantitative (photogrammetric) measurements of static features or dynamic processes. For example, aerial photography has been used to estimate volumes of volcanic deposits and lava domes, to measure magnitudes of edifice deformation, to estimate volumetric loss during dome collapse, and to model development of volcano glaciers (for example, Moore and Albee, 1981; Jordan and Kieffer, 1981; Zlotnicki and others, 1990; Sparks and others, 1998; Schilling and others, 2004; Herd and others, 2005; Schilling and others, this volume, chap. 8) . Similarly, groundbased photographs have been used to provide dynamic data of active processes, such as velocity estimates of large debris avalanches and lateral blasts (Voight, 1981) , short-term (days) growth rates of lava domes (Yamashina and others, 1999) , and motion of lava flows (James and others, 2006) , and for geometric reconstructions of volcanic stratigraphy (Dungan and others, 2001) . Commonly, stereoscopic imagery is used in such analyses, but apparent parallax caused by movement of an object in repeat photographs from a fixed position has also been exploited.
During the 2004-5 eruption of Mount St. Helens, oblique terrestrial imagery from remotely stationed cameras was one of the chief methods for monitoring the nature and pace of the eruption (Poland and others, this volume, chap. 11) . Cameras were deployed principally to monitor the eruption visually without exposing scientists to unnecessary risk and to provide ancillary information on conditions in the crater (such as weather, the amount of steaming, or blowing ash) for purposes of planning field work. They were not deployed specifically for photogrammetric purposes.
Quantitative analysis of oblique terrestrial imagery commonly requires stereoscopic imagery or well-controlled nonstereoscopic imagery from multiple camera positions (Wolf and Dewitt, 2000) . From October 2004 through December 2005 and beyond (Poland and others, this volume, chap. 11) , however, we obtained repeat, ground-based imagery of the Mount St. Helens eruption from a single, fixed-position camera located near the mouth of the volcano's crater. After August 2005, other ground-based cameras were located elsewhere around the volcano (Poland and others, this volume, chap. 11) , but none of those provided stereoscopic imagery. In this paper, we employ a methodology for quantifying the linear extrusion rate of a growing silicic lava dome from the imagery obtained by the camera deployed near the crater mouth, summarize the results of spatial and temporal variations of dome growth and extrusion rates from November 2004 through December 2005, and compare our results with corresponding time series of seismic-energy release and local deformation measured by continuous Global Position System (GPS) receivers (Moran and others, this volume, chap. 2; LaHusen and others, this volume, chap. 16 ). Previously, average extrusion rates of silicic lava domes have been determined for discrete, short-lived eruptions or eruptive episodes (for example, Huppert and others, 1982; Swanson and others, 1987; Nakada and others, 1995; Sparks and others, 1998) , although extrusion rates of a continuous, decadal-scale eruption have been measured by Rose (1987) and by Harris and others (2003) . Demonstration of fine-scale temporal and spatial rate variation during a long-term, continuous extrusion is rare, however (for example, Sparks and others, 1998) . Our data provide further insights on fine-scale behavior of sustained silicic dome growth, and they provide constraints for mathematical models that elucidate the physics of dome growth (for example, Barmin and others, 2002; Melnik and Sparks, 2005; Iverson and others, 2006; Iverson, this volume, chap. 21; Mastin and others, this volume, chap. 22 ).
The Sugar Bowl Camera
To photographically monitor dome growth at Mount St. Helens, we deployed a camera at the northeast end of the volcano's crater, on the Sugar Bowl lava dome, about 2.3 km from the locus of eruptive activity ( fig. 1A) . We used an Olympus 3030Z camera having a serial port (fig. 1B) .
The camera utilizes a 1/1.8 inch solid-state sensor and has a nominal 6.5-19.5 mm focal length lens, equivalent to a 32-96 mm lens on a 35-mm camera. The camera was programmed to expose images at its maximum focal length and to record them at 1,280×960 pixels (~1.2-megapixel images). The relatively low-resolution setting was intended to permit rapid capture and transmission of images of explosions or other dynamic phenomena. Communications with the camera and transmission of images were enabled via radio through the serial port. Images were transmitted to a base-station computer located at the Mount St. Helens National Volcanic Monument's Coldwater Ridge Visitor Center, ~13 km downvalley (northwest) from the volcano. Once an image was transmitted, the camera acquired another image. The rate at which an image could be transmitted through the radio link governed the frequency of image acquisition, but in general images were acquired about every 3 minutes during daylight hours. Approximately once per hour the base-station computer transmitted an image to the Cascades Volcano Observatory. As needed, the computer could be queried to retrieve images more frequently. Periodically, all images were retrieved from the Coldwater Ridge Visitor Center.
The camera, deployed in a weatherproof housing ( fig.  1B) , began operating on October 10, 2004 (Poland and others, this volume, chap. 11 
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Methodology
Theory of Terrestrial Image Analysis
The style of terrestrial imagery is defined on the basis of the orientation of the camera axis at the time of exposure. A horizontal terrestrial image is obtained when the camera axis is oriented horizontally at the time of exposure. If the camera is properly leveled before exposure, the x and z photographic axes are, respectively, oriented horizontally and vertically. Armed with precise information about camera and lens characteristics and an ability to pinpoint the optical center, or principal point, of a photograph, one can employ simple trigonometry to determine the horizontal and vertical angles between the camera axis and the rays to points in an object space (Wolf and Dewitt, 2000; fig. 2) . If the camera is inclined from the horizontal, the resulting photograph is considered an oblique terrestrial image. In that case, computations of the angular differences between the camera axis, the rays to objects of interest, and a horizontal plane must account for the angle of inclination of the camera (Wolf and Dewitt, 2000) .
The geometric relations among a camera's position, L, its focal length, f, the principal point of the photograph, o, the inclination angle of the camera axis, h, and the horizontal and vertical angles to an image point are shown in figure 3 . The horizontal angle, a a , between the vertical plane containing image point a and the vertical plane containing the camera axis, Lo, is given by (Wolf and Dewitt, 2000) :
To conform to sign conventions, negative inclination angles refer to depression below, and positive inclination angles to elevation above, the horizontal (Wolf and Dewitt, 2000) . In equation 1, correct algebraic signs must be applied to x a , z a , and h. The vertical angle,b a , to image point a is given by
In equation 2, the algebraic sign of b is automatically obtained from the sign of the z a coordinate (Wolf and Dewitt, 2000) .
Although equations 1 and 2 allow determination of the horizontal and vertical angles to any image point relative to the camera axis, they represent an underdetermined system of equations with respect to quantifying horizontal or vertical distances unless some geodetic control can be established between the camera and an object of interest. Typically, control is provided by interior and exterior referenced orientations. Interior orientation includes camera 
calibration parameters such as lens focal length, location of the image principal point, and corrections for lens distortion. Exterior orientation refers to the position and orientation of the camera with respect to a ground-based reference frame or with respect to the photographed object (Wolf and Dewitt, 2000; Molander, 2001) . Orientation with respect to a ground-based reference frame is commonly accomplished by combining camera control (position and orientation) with object-space control (through established control points within the field of view).
In the absence of sound calibration parameters, one can approximate interior orientation of a digital camera from metadata contained in an image's exchangeable image format (EXIF) file and by assuming that the principal point is at the center of the image. At maximum focal length, zoom lenses commonly have minimal distortion, even on consumer-grade cameras. Such assumptions, of course, can introduce large errors to a photogrammetric analysis.
In the absence of independently established control points, one way to establish exterior orientation of a fixed camera is by fig. 2 ). Focal length of the lens, f, principal point of the image, o, and angle of inclination of the camera axis, h, are shown relative to L , the lens nodal point or position of the camera, and a horizontal line (+x ). The projection of object point A (not shown) and its position relative to the photograph coordinate system (+x, +z ) are shown on the projected image as a, x a , and z a , respectively. Line Lk is a horizontal line that intersects the photograph at point k. Line aa´ is a vertical line, with a´ located in a horizontal plane. Points h and a'' represent geometric projections used in the derivation of equations 1 and 2. Angles a a and b a are the horizontal and vertical angles of the image point, a, relative to horizontal and vertical axes. See Wolf and Dewitt (2000) for detailed discussions of geometric relations and derivations of equations 1 and 2.
measuring the orientation and position of the camera with respect to a photographed object. For the Sugar Bowl camera, we lack rigid calibration parameters. We do, however, have empirical calibration parameters from four similar cameras. In the absence of a solid camera calibration, we used averaged parameters obtained from the calibrations of those other cameras (table 1) . We imposed exterior control on the imagery by measuring the camera orientation (direction of the camera axis and angle of inclination) and its location (using GPS), and we established its position relative to the proximal part of the actively growing dome by measuring coordinates and distances between the camera and the dome on sequential digital elevation models (DEMs) (Schilling and others, this volume, chap. 8; fig. 4 ). By fixing the distance between the camera and the near-vent area of the dome between sequential DEMs, knowing the camera orientation, and employing averaged lens characteristics, we solved all necessary trigonometric equations and roughly quantified magnitudes and rates of dome growth.
Resolving horizontal and vertical displacement rates within the focal plane of the image provided only apparent rates of extrusion, however. Quantifying more accurate linear extrusion rates of the dome required resolving trigonometric differences between the apparent direction of motion in the focal plane and the actual direction of motion. Again, by using sequential DEMs of the dome, we measured the angle of obliquity, c, between the focal plane and the principal direction of dome growth ( 
where R is the ratio of the horizontal motion vector (vector b in fig. 5 ) to the resolved motion vector, c, in the focal plane ( fig. 5 ). From that relation, simple trigonometric relations can be solved to estimate the extrusion rate in the direction of dome growth. Our methods and analysis are, of course, subject to many possible errors (discussed below) and are limited to extrusion rates that exceed about 1 to 1.5 m/d (displacements of about 2 to 3 pixels per day; table 1). Nevertheless, they represent useful procedures for extracting quantitative information from relatively low-resolution images from a fixed position obtained from an uncalibrated (and now damaged) camera.
Tracking Distinctive Features
To estimate extrusion rates, we followed movements of distinctive features on the lava dome between selected images. These features consisted of sharp edges, intersecting fractures, fracture tips, spots, or other stable, distinctive markers that could be readily identified and that persisted through multiple images, typically from a few days to about two weeks. To begin, an initial image (November 10, 2004) was imported into graphical design software and its apparent principal point (the center of the image) identified. Coordinates of features of interest on the dome were then computed relative to that apparent principal point ( fig. 6 ). Subsequent images (separated by roughly 24 hours when possible) were then imported and manually coregistered with the preceding image, and the positions of displaced features of interest were updated. Coordinates of distinctive features on the dome in proximity to the vent area were entered into a spreadsheet, and equations 1 and 2 solved for the employed camera parameters (table 1) and measured distances between the camera and the dome (the distance was updated with each new DEM). The solutions, along with elapsed times between photographs, provided a time series of apparent horizontal and vertical displacement rates for selected proximal points on the actively growing dome. Typical rates of apparent horizontal and vertical displacement, and standard deviations of those rates, were estimated by averaging apparent displacement rates of 3 to 10 points per image. Apparent linear extrusion rates in the focal plane were determined by resolving the averaged horizontal and vertical displacement rates, and the standard deviation errors on those averaged rates were propagated to the resolved solution using standard methods (for example, Bevington and Robinson, 1992 ). An average extrusion rate in the direction of dome growth was determined by resolving the average appar- ent extrusion rate in the focal plane with respect to the angle of obliquity of extrusion.
Sources of Error
Several sources of error are inherent in a quantitative analysis of oblique imagery from the Sugar Bowl camera. A fixed source of error involves the quantification of lens characteristics, camera orientation, and spatial measurements (table 1) that affect the interior and exterior control imposed on the imagery. More random is the operator error incurred during image analysis.
Lens characteristics used in this analysis represent average values obtained from calibrations of four similar cameras. Variations of 1.2 mm about the assumed focal length (table 1) cause ±7 percent variation of the averaged apparent extrusion rates we report. Calibrated radial distortion in imagery was essentially negligible (table 1) and was thus ignored in our analyses. Repeated measurements of the inclination and azimuth of the camera housing during field visits minimized orientation error (table 1) , although frequent misalignments among sequential photographs show that wind and transient snow and ice loads caused minor variations in orientation.
Spatial measurement errors revolve around accuracy of the camera location, inherent errors in the DEMs, measurement of the distance from the camera to the active extrusion, and measurement of the obliquity of the extrusion with respect to the camera axis. Replicable GPS measurements of the camera location and coordinate determinations in a GIS of selected locations on the active extrusion limit the error of the distance between the camera and the active extrusion to about ±30 m, or about 1-percent error on the measured distance (table 1) Aside from assumptions about lens characteristics and estimates of the distance from the camera to the dome, our most critical sources of error revolve around selection of the photographic principal point, the accuracy to which sequential photographs were coregistered, and the accuracy with which moving points were identified and tracked. For purposes of the analysis reported here, the principal point to which all measurements are referenced was selected simply as the center of the first base image, and all subsequent images were coregistered to that principal point. Owing to minor variations in fields of view resulting principally from winds and snow and ice loads on the housing, the principal point of the base image was not always the principal point of subsequent images. The distinctive dome features we followed were identified at the pixel level where possible, but the relatively low resolution of the images and the sometimes challenging lighting made pixel-level identification frequently difficult. Manual identification of displaced point positions could thus be in error by a few pixels. Overall, the greatest errors in the analysis were introduced through assumptions about lens focal length and through manual image registration and feature tracking.
Given the several sources of error that potentially affect our analysis, quantifying the cumulative error on our estimates of extrusion is a daunting task. Instead, we computed standard deviations of mean vertical and horizontal displacement rates in the focal plane from a collection of points on the proximal part of the active extrusion. Using standard practices (for example, Bevington and Robinson, 1992) , we propagated the standard deviations of those mean values to the resolved extrusion rates in the focal plane and carried the propagated errors over to the resolved extrusion rates in the direction of dome growth to approximate a magnitude of error associated with our estimates of extrusion rate. fig. 8C ). This decline is comparable to changes in magma discharge documented through analyses of DEMs (Schilling and others, this volume, chap. 8). However, several spurts of accelerated extrusion are superposed on the overall diminishing extrusion rate, and for several months lava extruded at a nearly steady rate ( fig. 8C ).
Results
Episodic
The estimated average linear extrusion rate was as great fig. 8C ). Given the assumptions in our analyses, our estimates of linear extrusion rate compare relatively favorably with measured rates.
Motion of the extruded lava varied spatially as well as temporally. Movement of the distal ends of recumbent spines 3 and 4 slowed as those spines enlarged, plowed over fragments of earlier spines, and impinged upon the crater wall. Differential rates of motion between distal and near-vent segments of those spines prompted development of thrust faults, large-scale fractures, and partial to complete disintegration in December 2004 , January 2005 , and April 2005 ; supplemental movie; Schilling and others, this volume, chap. 8; Vallance and others, this volume, chap. 9) . Such disintegration generated hot rockfalls and minor pyroclastic surges but did not trigger substantive pyroclastic flows similar to those produced by dome collapses elsewhere (for example, Ui and others, 1999; Herd and others, 2005) . Following the disintegration of spine 4 (the largest of the recumbent spines) in mid-April 2005, the growth of spine 5 became focused along the western margin of the dome complex. During this phase of growth, active extrusion was effectively decoupled from the remnants of the earlier spines. From mid-April on, several remnants of spines 3 and 4 remained stable as spine 5 emerged (for example, note the stability of the intact block of spine 4 on the east margin of the dome complex between April and December 2005; fig. 7 ; supplemental movie). Local displacement of ground near the vent, however, showed that, on occasion, extruding solidified lava was well coupled to the immediately surrounding terrain (see supplemental movie).
Following the disintegration of spine 5 in July 2005, the dome became further segmented. As spine 6 emerged and migrated westward, the eastern segment of the dome complex remained stable, but the central segment slumped as its westward buttress was removed ( fig. 7 ; supplemental movie). Such spatially differential motion and migration of the extruding solidified lava led to the segmented morphology of the 2004-5 dome ( fig. 9) , in contrast to the composite, but uniform morphology of the 1980s lava dome (see, for example, Swanson and others, 1987) .
Extrusion rates estimated from the Sugar Bowl imagery are broadly correlated with overall trends in seismicity and deformation ( fig. 10) . From November 2004 until January 2005, the rapidly decreasing extrusion rate was synchronous with a general decline in seismic-energy release as indicated by real-time seismic amplitude measurements (RSAM) (Endo and Murray, 1991; Murray and Endo, 1992; Moran and others, this volume, chap. 2) (figs. 10A, C). The RSAM values are commonly invoked as a proxy highlighting overall seismicenergy release at volcanoes (for example, Power and others, 1994, 1995; Harlow and others, 1996; Mori and others, 1996; Voight and others, 1998) . During phases of more or less steady extrusion from January to June 2005, minor increases in extrusion rate generally correlated with slight increases in RSAM. The extrusion-rate nadir and subsequent significant growth spurt in mid-to late July 2005 correspond with an equivalent nadir and subsequent minor increase in RSAM.
Correlations between trends in extrusion rate and geodetic measurements of deformation of a part of the 1980s lava dome are evident, but they are more subtle than are those with trends in seismicity (figs. 10B, C). We compare trends in extrusion rate with trends in the motion of station DOM1 located on the west side of the 1980s lava dome north-northwest of the vent of the 2004-5 eruption (Dzurisin and others, this volume, chap. 14; LaHusen and others, this volume, chap. 16). The overall logarithmic decay of the rate of lava extrusion is approximately mimicked by a corresponding logarithmic change in the northing component of motion of DOM1. Finer scale fluctuations in lava extrusion rate and motion of DOM1 are, however, typically out of phase, particularly after about the first 5 months of the eruption. rate in late July again corresponds with southward movement of DOM1 (toward the vent), whereas the decrease of extrusion rate in early August corresponds with increased northward motion of DOM1 (again, away from the vent). The increase of extrusion rate documented in mid-August 2005 is not as well out of phase with the motion of DOM1 as are other periods of changing rates of extrusion, but it does correspond to a gradual change from northward motion (away from the vent) to southward motion (toward the vent). Only the northing component of motion of DOM1 appears to broadly correspond with variations in extrusion rate; there is little if any substantive correlation between extrusion rate and the easting or vertical components of motion of DOM1 (figs. 10B, C).
Discussion
Within the constraints of the interior and exterior control we imposed, the available oblique, terrestrial imagery from the Sugar Bowl camera provided a valuable means of estimating long-term linear extrusion rates over periods of weeks to months during the 2004-5 eruption of Mount St. Helens. The greatest sources of error revolved around our assumptions regarding the camera focal length and our ability to accurately coregister sequential images and follow features of interest through time. Pitting of the glass on the camera box, shadows, steam and clouds, weather-related loss of usable images, and physical changes to the dome during its growth and partial disintegration all contributed to the challenge of using the imagery. Although the locus of extrusion varied slightly during the period of analysis, errors in the imposed external control and measurements of the distance between the camera and the dome were relatively small compared to other sources of error. Indeed, the errors associated with the assumed focal length alone make the greatest difference in our comparisons of extracted versus measured extrusion rates.
Our methodology for extracting quantitative information from the fixed-position imagery hinged upon an ability to impose external control. In the absence of a time series of DEMs, or even a single DEM, we would not have been able to solve the underdetermined system of equations posed by having imagery from only a single viewpoint. Traditional surveying could have provided the necessary measures of distance from the camera site to the dome, but the dangerous environment in the crater during the early phases of the eruption, the distance between the camera and the lava dome, the difficulty of precisely placing prisms even remotely, and the rapidly changing physical character of the dome inhibited such a strategy.
The ability to quantify the rate of extrusion, even crudely, greatly enhanced the value of the imagery. Rather than simply serving as a method to monitor the status of the eruption or the conditions in the crater, the imagery supplemented other geophysical monitoring equipment. For the most part, it provided the sole means of extracting long-term, semicontinuous quantitative information. Differencing of sequential DEMs provided long-term estimates of magma discharge (Schilling and others, this volume, chap. 8) , but those DEMs were based on stereoscopic aerial photographs only acquired about once per month. Hence, DEM differencing could not provide information on the fine-scale fluctuations of extrusion rate apparent in the camera imagery. Thus, quantification of linear extrusion rate of the lava from the Sugar Bowl imagery provided information about the eruption that was unattainable by other means.
Deployment of remote cameras at Mount St. Helens clearly enhanced documentation and analysis of the eruption (Poland and others, this volume, chap. 11) . The semicontinuous imagery obtained from the Sugar Bowl camera was particularly useful for analyzing long-term, relatively fine-scale (days to months) variations of the linear extrusion rate. It proved less useful for examining extrusion rate over periods of hours, given the low average rates of movement, the challenges of accurately following features of interest, and the resolution of the pixel footprint at the distances involved. Hence, the scale of the imagery had a direct bearing on the quality and utility of the information that could be extracted. Finer resolution at shorter time scales requires more narrowly focused, larger scale imagery, but obtaining such imagery can be extremely challenging (Dzurisin and others, this volume, chap. 14) . Of course, measurements of linear extrusion rate do not necessarily correlate directly with measurements of volumetric extrusion rate (that is, magma discharge). Nevertheless, long-term estimates and documentation of fluctuations of this one-dimensional parameter are useful and shed insights into overall eruptive behavior, especially when trends in linear extrusion rate can be correlated with trends in other geophysical measurements. The pulsating behavior of lava extrusion documented on time scales of days to weeks in our analysis has been observed on time scales of hours to years during emplacement of other silicic lava domes. At Soufrière Hills volcano, Montserrat, West Indies, Sparks and others (1998) noted that magma discharge pulsated on time scales of hours to months during a time when the overall discharge rate was increasing. In contrast, the pulsating behavior documented here occurred during an overall trend of declining magma discharge (Schilling and others, this volume, chap. 8). Fluctuating extrusion rates during an overall decline of magma discharge were also observed at Unzen volcano, Japan, from 1991 to 1995 (Nakada and others, 1999) . Lava at Santiaguito dome, Guatemala, has extruded continuously since 1922, with 3-5-yr spurts of rapid discharge interspersed with 10-15-yr periods of slower discharge (Rose, 1987; Anderson and others, 1995; Harris and others, 2003) . The Mount St. Helens 1980-86 lava dome grew through a series of 20 eruptive episodes between October 1980 and October 1986. However, each discrete extrusive episode was separated by pauses in eruptive activity that ranged from about one month to one year (Swanson and others, 1987) , in contrast to the sustained, but fluctuating, extrusion that characterized the 2004-5 eruption. Sparks and others (1998) attribute pulsating extrusive behavior to a combination of deep and shallow volcanic processes. They speculate that discharge fluctuations on time scales of months to years are influenced chiefly by deep processes that control magmatic influx from the mantle and magma-chamber processes that affect magma ascent. In contrast, fluctuations on time scales of hours to weeks are attributed chiefly to pressure fluctuations caused by shallow-level processes, such as gas loss, crystallization kinetics, and mineral precipitation, which affect changes in magma properties and pressurization.
Correlations among seismicity, deformation, and extrusion rate during the 2004-5 Mount St. Helens eruption portray an extrusion that likely consisted of episodes of broad-scale stick-slip behavior. Relatively fine-scale correlations among periods of declining extrusion rate, relatively low seismicity, and northward movement of the 1980s lava dome (away from the eruptive vent) suggest episodes when the extruding solidified plug of lava was relatively well coupled to, and having difficulty evacuating, the conduit. Such a period of "stick" would be expected to result in lower seismicity, a low rate of extrusion, and increased deformation (that is, swelling) of the local terrain. In contrast, broad correlation among accelerated extrusion rate, slightly elevated seismicity, and southward movement of the 1980s lava dome (toward the eruptive vent) suggest episodes when the extruding solidified lava was relatively poorly coupled to, and slipping through, the conduit. Such periods of "slip" generated more or larger earthquakes as the lava dome lurched along (Moran and others, this volume, chap. 2) and allowed the local terrain deformed during the preceding period of stick to relax. Such episodes of broad-scale stick-slip movement complement a dynamic model of repetitive, fine-scale, stick-slip movement during sustained extrusion as proposed by Iverson and others (2006) and Iverson (this volume, chap. 21) .
Long-term (months) and short-term (days) correlations between seismic intensity, deformation, and dome growth, such as documented here, have also been noted at other volcanoes. Broad correlations between seismic intensity and dome growth have been documented at Usu (Wano and Okada, 1980) , Augustine (Power, 1988) , Redoubt (Power and others, 1994) , Unzen (Nakada and others, 1999) , and Montserrat (Rowe and others, 2004) , and short-term synchronicity and cyclicity between seismicity and deformation also have been observed (Voight and others, 1998) . However, long-term, fine-scale correlations among fluctuations in extrusion rate, seismicity, and deformation generally have not been reported. Such correlations, as noted above, are clearly related to eruption mechanics. Indeed, Denlinger and Hoblitt (1999) have modeled short-term synchronicity and cyclicity in RSAM and deformation at Montserrat as a function of the interaction of volatile overpressure in magma and the overburden of an extruding lava dome, and Iverson (this volume, chap. 21) has hypothesized that the small, repetitive earthquakes that have occurred during the 2004-5 Mount St. Helens eruption, dubbed drumbeat earthquakes (Moran and others, this volume, chap. 2), reflect repetitive, small-magnitude (a few millimeters) stick-slip behavior of the extruding lava. Extraction of semicontinuous extrusion rates from long-term camera imagery, in conjunction with time-series of other geophysical data, clearly plays an important role in constraining dynamic eruption models and enabling forecasts of hazardous activity. However, the overall decline in the rate of extrusion was punctuated by fine-scale (days to weeks) fluctuations. The overall logarithmic decline of extrusion rate and the finer scale fluctuations correlated, approximately, with trends in seismicity and geodetic deformation. Those correlations portray an extrusion that underwent episodes of broad-scale stick-slip movement in addition to finer scale, smaller magnitude stickslip episodes that others hypothesize to correlate with small, so-called drumbeat earthquakes. The ability to extract linear
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extrusion rates from the imagery from this fixed-position camera provided a significant, and sometimes the sole, means of semicontinuously quantifying eruption dynamics during much of the first year of eruption, and those data provide an important constraint for dynamic eruption models.
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